Evaluation of the Processes with Application of the Environmental Risk Assessment  by Karkoszka, T.
 Procedia Engineering  132 ( 2015 )  146 – 152 
1877-7058 © 2015 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Scientific Committee of MESIC 2015
doi: 10.1016/j.proeng.2015.12.491 
ScienceDirect
Available online at www.sciencedirect.com
 
The Manufacturing Engineering Society International Conference, MESIC 2015 
Evaluation of the processes with application of the environmental 
risk assessment 
T. Karkoszkaa,* 
aInstitute of Engineering Materials and Biomaterials, Silesian Technical University, Konarskiego St. 18a, Gliwice, 44-100, Poland 
Abstract 
The ideal process can be described as the one, in which the effect is consistent with the requirements of all stakeholders. 
Unfortunately the realization of the processes in the XXI environment century is exposed to influence of the factors creating the 
risk of incompatibilities occurrence. The new trends in technologies improvement should be now directed toward the elimination 
of the potential integrated threats of the processes. Looking for the manners of risk minimization organizations apply different 
methods of risk assessment. The most popular ones are used in the quality and safety range. Whereas the environmental methods 
usually refrain from legal requirements or environmental norms, and their methodology in most cases is different than in quality 
and occupational range. Therefore, the main objective of the paper has been to work out the methodology of environmental risk 
assessment. The methodology gives the instructions for evaluating the acceptability of the environmental risk. It is reflected by 
the environmental risk ratio connected with the environmental impacts occurrence and significance, the fulfilling the legal 
requirements as well as the supervision over the environmental aspects. It is uniform with the integrated risk management and 
can be used to manage either environmental risk or integrated risk to improve the processes in every organization. 
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1. Introduction 
The contemporary organizations expect that the processes being realised by them, fulfil the expectations both: in 
context of ensuring the quality of the products and in the range of affecting the natural environment and the work 
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environment. The course of the processes is influenced by numerous factors deciding about the risk of occurring the 
incompatibilities in the process. Therefore, the organizations must aim at eliminating the threats connected with 
unfulfilled requirements and increase the probability of obtaining the integrated aims by minimizing and even 
eliminating the risk [1].   
By preventing the occurrence of the threats’ results, the organizations try to act in a systematic way and they 
implement the integrated management system, which is based on the formal systemic directives included in  
the following norms: ISO 9001, ISO 14001 and PN-N/OHSAS 18001. At the same time they apply the tools and  
the methods allowing for the identification of the threats as well as their outcomes, estimating the probability of their 
occurrence and the significance of the outcomes, therefore, defining the risk related. The techniques concern various 
kinds of risk, however, always their aim is to ensure the quality, minimizing the influence on the environment  
and the work safety. The policy of the organization confirms that the most applied methods of risk estimation are  
the methods of research and estimation of the quality and the techniques of occupational risk estimation [2,3].  
In the context of environmental management, and in accordance with the set aim of minimizing and eliminating 
the negative influence of the organization on the natural environment, are applied the methods of estimation  
the effectiveness of actions connected with the natural environment protection. They allow for verification  
of the planned pro-ecological actions by monitoring and minimizing the “ecological” risk connected with  
the occurrence and significance of the environmental impact. Among the methods based on the environmental risk 
assessment, it is worth listing 3 groups. First one covers the methods which application refrains directly from  
the legal requirements (estimation of the environmental impact, safety report, Sevesco II directives and other direct 
methods of the environmental failure risk estimation and the integrated permission). Second group covers  
the methods refraining from the environmental norms with the tool-character: estimation of the environmental 
activity effects, estimation of the product life cycle and the estimation of the environmental aspects and their 
impacts. The third group consists of the direct tools of risk assessment, which enable the direct estimation of the risk 
refraining from the probability of the environmental impacts of particular importance for the environment [4]. 
The last mentioned tools allow for identification of the environmental aspects and the estimation of their impacts, 
and the application of the tools is required for both: ISO 14001 standard and EMAS. The estimation helps to obtain 
the information on strong and weak points of the process in the aspect of its influence on the environment [5]. 
The first stage is the identification of  the environmental aspects and their impacts. During completing the data, 
the organization should take into consideration the following [6]: emissions to the air, release to the water, wear  
of the raw materials and the natural sources, intake and emission of the energy, waste and the by-products. 
Moreover, the direct environmental aspects concern the legal requirements and the limitations refraining from  
the environmental permissions and the threats connected with the environmental accidents and the influence 
refraining from or possibly occur not only in the regular conditions of activity but also the conditions  
at the beginning and end of the activity, failure, accidents and finally the potential extraordinary situations.  
The direct aspects constitute the following: issues connected with the product life cycle, structure of the services and 
the offered products, administrative and planning decisions as well as the polices of the contractors, sub-contractors 
and finally the suppliers. While assessing the importance of the direct and indirect environmental aspects together 
with their impact – which is the core element of the analysis – the organization should take into consideration mainly 
the following: possible damage in the environment, sensitivity of this environment, size, number, frequency and 
reversible of the aspect or the impact and the applied legal requirements. The final stage of the analysis is defining 
the significant environmental aspects and their impacts, and next, pointing the necessary corrective, or preventive 
actions excelling the minimizing the influence on the environment [5]. 
ISO 14001 norm and the EMAS directive, both do not define in a direct way the tools for estimating  
the environmental aspects, they just point at the necessity of their identification and estimation. The organization is 
also obliged to define the criteria of the environmental aspects estimation, and it should take into account  
the following: legal requirements, information on the environment`s condition, risk connected with the intake  
of the materials and the energy, drops, waste and the emissions, opinions of the interested-in parties and finally  
the actions of the organization generating the highest costs and biggest profits for the environment [5]. While 
estimating the environmental aspects, the organization performs the comparison of the real values  
of the environmental influence with the values approved by the appropriate legal requirements in case  
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of the measurable values and they also apply various, including the authorial, techniques allowing for the 
environmental risk assessment. 
2. Methodology 
The developed methodology covered the compilation of the guidelines for estimating the environmental risk and 
their acceptability. It reflects the originality of the study. The effectiveness of the methodology has been confirmed 
by the application in the organization in the process of the continuing casting. 
In the study, in accordance with the requirements of the environmental management system, the environmental 
aspect has been defined as: “element of an organization’s actions or products or services that can interact with the 
environment [7]”, and the environment impact has been defined as following: “any change to the environment, 
whether adverse or beneficial, wholly or partially resulting from an organization’s environmental aspects [7]”.  
The risk connected with the occurrence of the environmental impact, has been described by the function  
of probability of occurrence of the environmental aspect, fulfilment of the legal requirements, significance  
of the environmental aspect as well as the possibility of the control and was estimated by the priority number  
of the occurrence of the environmental impact (0), priority number of the legal requirements (L), priority number  
of the impact significance (S), and finally the priority number of control (K), and as the result – environmental risk 
ratio (ERR) expressed in scale: 1÷625.  
The priority number of occurrence (O) describes the probability of occurrence and impact of the environmental 
aspect, taking into consideration all of the applied preventive actions (Table 1). 
Table 1. Comparison of the guidelines for the estimation of the environmental aspect occurrence – O. 
O Criteria of the estimation 
1, impossible 
occurrence of the environmental aspect improbable, there have never been any aspects connected  
with the similar processes 
2, low 
occurrence of the environmental aspect of little probability, rare short-time cases of the environmental aspect 
occurrence linked with the similar processes 
3, moderate 
occurrence of the environmental aspect probable, there have been cases of the environmental aspect 
occurrence 
4, high 
occurrence of the environmental aspect highly probable, there have been cases of the long-lasting  
and numerous environmental aspect occurrence 
5, very high 
occurrence of the environmental aspect almost unavoidable, the environmental aspect occurrence is always 
present 
 
Priority number of the legal requirements (L) describes the legal regulations in the environmental aspect as well 
as the level of their fulfilment (Table 2). 
 
Table 2. Comparison of the guidelines for the legal regulations fulfilment – L. 
L Criteria of the estimation  
1, very low lack of the legal regulations applying in the range of the environmental aspect 
2, low the legal regulation exists and it is always fulfilled  
3, moderate the legal regulation exists and there have been cases of the non-fulfilment of it 
4, high the legal regulation exists and there is high probability of exceed 
5, very high the legal regulation exists but it is never fulfilled 
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Priority number of the significance (S) reflects the significance of the impact aspect results – environmental 
impact (Table 3). 
Table 3. Comparison of the guidelines for the environmental impact significance – S. 
S Criteria of the estimation 
1, very low 
insignificant-area, quality and quantity contamination of environment, almost immediate back  
to the original balance condition 
2, low 
area-insignificant contamination of environment, violation of the environmental balance, reversible  
in the natural way, within the short time after the environmental aspect occurrence  
3, moderate 
area-significant contamination of environment, violation of the environmental balance, reversible only due to 
the interference of human 
4, high 
contamination of the environment, amount, quality, area-significant; serious degradation  
of the environment, reversible only due to the heavy interference of human 
5, very high area-significant, total degradation of the environment 
 
Priority number of the detection (K) characterizes the supervision over the environmental aspect and is defined by 
considering all of the actions undertaken for the control and supervision (Table 4). 
Table 4. Comparison of the guidelines for the estimation of the control of the environmental aspects – K. 
K Criteria of the estimation 
1, very high 
environmental aspect constantly controlled, the process automatically points at the environmental aspect, 
environmental aspect undergoes the supervision 
2, high environmental aspect constantly controlled, environmental aspect undergoes the supervision 
3, moderate 
environmental aspect controlled, the control actions brings little or any chance for supervision over  
this environmental aspect 
4, low 
environmental aspect rarely controlled or not undergoing any of the control actions, the control actions  
of low effectiveness, unsupervisable aspect  
5, impossible 
environmental aspect not undergoing any of the control actions, the control actions are unable to detect  
the aspect, unsupervisable environmental aspect  
 
Ratio of the environmental risk level reflects the level of the risk probability connected with the occurrence of the 
environmental impact refraining from the affecting of the particular aspect and is expressed as: 
 
ERR = O · L ·  S ·  K                                                                                                      (1) 
 
where the following means: 
ERR – environmental risk ratio, 
O – priority number of environmental aspect occurrence, 
L – priority number of  fulfilling the legal requirements, 
S – priority number of  environmental impact significance, 
K – priority number of control and supervision over the environmental aspect. 
 
The value of the environmental risk ratio (Figure 1) allows the organization for identification of these 
environmental aspects and processes which are unacceptable. As the significant environmental aspect is taken each 
aspect which risk ratio will  exceed the value or in case it does not fulfil the legal regulation. As the process posing 
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the environmental threat is taken each process which sum of value of the risk ratio of the separate aspects will be 
exceeded. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Scheme of acceptability assessment of risk for environmental aspects (ERRa) and processes (ERRp) 
3. Results and discussion  
The developed methodology of the environmental risk assessment has been verified for the continuous casting 
process. The results of the carried out analysis have been presented in the Table 5. 
Table 5. Comparison of the results of the risk assessment of the potential environmental impact in the process of the casting. 
Sort  
of the environmental aspect 
Potential  
environmental impact 
Potential causes of the 
environmental aspect 
occurrence 
Control 
over the 
process 
O L S K ERR 
emission of the particulate 
matter 
pollution of the air with  
the particulate matter 
process of continuous casting yes 4 3 4 4 192 
emission of the sulphur dioxide 
pollution of the air with  
the sulphur dioxide, acid rains 
and soil acidification 
process of continuous casting yes 4 3 4 4 192 
emission of the nitrogen 
dioxide 
 
pollution of the air with  
the nitrogen dioxide, acid rains 
and soil acidification 
process of continuous casting yes 4 3 4 4 192 
emission of the carbon 
monoxide 
 
pollution of the air with  
the carbon monoxide, acid rains 
and soil acidification 
process of continuous casting yes 4 3 4 4 192 
emission of the carbon dioxides 
 
pollution of the air with  
the carbon dioxide,  
greenhouse effect, acid rains  
and soil acidification 
process of continuous casting yes 4 3 4 4 192 
natural and high methane 
content gas combustion 
decrease of the natural sources 
heating-up the main  
and intermediate vat 
yes 4 2 2 1 16 
occurrence of the waste  
– as scrap and iron oxides storage before utilisation process of continuous casting yes 5 2 1 1 10 
high 
unacceptable 
moderate 
acceptable  
with the 
restrictions 
small 
acceptable 
ERRa  
665 ÷ 255 
ERRa  
254 ÷ 155 
ERRa  
154 ÷ 0 
ERRp  
>  1000 ERRp  
999 ÷ 500 ERRp  
499 ÷ 0 
R
 I
 S
 K
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noise emission 
decreasing of the leaving 
standard of the workers  
and inhabitants 
process of continuous casting yes 5 4 3 2 120 
electricity intake 
decrease  
of the natural sources 
process of continuous casting yes 5 1 1 1 5 
water intake 
using-up  
the natural sources 
cooling down the technological 
devices during their work 
yes 5 2 1 1 10 
used-up oils and lubricants 
occurrence 
storage and utilisation technical devices maintenance yes 2 3 4 2 48 
waste – as cinder storage before re-use intermediate vats maintenance  yes 2 3 3 2 36 
raw material intake 
waste – as used-up ceramic 
moulding 
application of the ceramic 
mouldings in the preparation  
of the vats for casting 
yes 2 2 1 2 8 
industrial accident – liquid steel uncontrolled pollution of the 
soil 
faulty exploitation, bad 
technical condition of the 
devices and installation 
no 1 1 5 5 25 
other waste, including  
the municipal ones 
necessity of storage current action of organization yes 5 2 1 2 20 
 
As the result one has pointed the following significant environmental aspects: emission of the particulate matter 
(ERRa = 192), sulphur dioxide (ERRa = 192), nitrogen dioxide (ERRa = 192) and carbon mono and dioxide (ERRa 
= 192) as well as the noise emission (ERRa = 120). The process has been described as the one burdened with the 
high environmental risk (ERRp = 1258). 
4. Conclusions 
The superior aim of XXI century organizations is to fulfill all interested parties requirements especially  
in the quality, environmental and occupational meaning. In practice, organizations, to be up to these demands, 
implement the system solutions, and particularly integrated management systems.  
One of the standards’ requirement is to identify the nonconformities and undertake the actions to eliminate them, 
however it is not said, how to assess the nonconformities and indicate the most dangerous ones. Therefore 
organizations look for the methods of management of quality, environmental and occupational safety threats. In this 
range the environmental risk assessment methods seems to be the least popular.  
Thus the originality of the paper belongs to the worked out methodology of environmental risk management.  
It includes the prepared method of risk assessment - also the criteria for environmental aspects occurrence, 
significance and detection - and risk acceptability indication. The proposed methodology of environmental risk 
management is uniform with integrated risk management and can be used in every organization which wants to 
manage either environmental risk or integrated risk. Its effectiveness has been confirmed both in the direct 
improvement of processes and the assurance of the conformity of the implemented environmental management 
system with the requirements of the standard. 
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